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Abstract:  
 
Over the last 2 years, samples were collected from 1,311 native animals in south-east Queensland and examined for 
enteric, blood and tissue protozoa. Infections were detected in 33% of 122 mammals, 12% of 367 birds, 16% of 
749 reptiles and 34% of 73 fish.  A total of 29 protozoan genera were detected; including zooflagellates 
(Trichomonas, Cochlosoma) in birds; eimeriorine coccidia (Eimeria, Isospora, Cryptosporidium, Sarcocystis, 
Toxoplasma, Caryospora) in birds and reptiles; haemosporidia (Haemoproteus, Plasmodium, Leucocytozoon, 
Hepatocystis) in birds and bats, adeleorine coccidia (Haemogregarina, Schellackia, Hepatozoon) in reptiles and 
mammals; myxosporea (Ceratomyxa, Myxidium, Zschokkella) in fish; enteric ciliates (Trichodina, Balantidium, 
Nyctotherus) in fish and amphibians; and endosymbiotic ciliates (Macropodinium, Isotricha, Dasytricha, 
Cycloposthium) in herbivorous marsupials. Despite the frequency of their occurrence, little is known about the 
pathogenic significance of these parasites in native Australian animals. 
 
 
Introduction 
 Information on the protozoan parasites of native Australian wildlife is sparse and fragmentary; most records 
being confined to miscellaneous case reports and incidental findings made in the course of other studies. Early 
workers conducted several small-scale surveys on the protozoan fauna of various host groups, mainly birds, reptiles 
and amphibians (eg. Johnston & Cleland 1910; Cleland & Johnston 1910; Johnston 1912). The results of these 
studies have subsequently been catalogued and reviewed (cf. Mackerras 1958; 1961). Since then, few 
comprehensive studies have been conducted on the protozoan parasites of native animals compared to the extensive 
studies performed on the parasites of domestic and companion animals (cf. Callow 1984). Several studies have 
recently been conducted on the coccidian parasites of macropodid marsupials (Barker et al. 1989) and various 
infections have been detected following the autopsy of numerous bird species (Reece et al. 1992). Many reports of 
infections have been recorded in captive animals housed in private or public zoological collections but it is uncertain 
whether the infections were acquired before captivity or contracted subsequently, especially in zoo animals overseas. 
Few studies have been conducted to determine the distribution and abundance of naturally acquired protozoan 
infections in wild animals in Australia. An opportunistic survey was therefore conducted to examine a wide range of 
native animals originating from southeast Queensland. 
  120 
 
Materials and Methods 
 Collaborative studies were undertaken with numerous personnel involved in fauna rescue services, animal 
health organisations, private and public zoological collections, museum collections, wildlife management programs, 
university departments, animal hospitals and private veterinary practices throughout south-east Queensland. Samples 
were collected during 1995-1996 from a wide range of mammals, birds and reptiles caught from wild populations or 
presented to veterinarians for treatment due to disease or injury. Whenever possible, antemortem samples were 
collected from the animals prior to their release at the site of capture, their relocation from urban sites or their 
rehabilitation for release. Faeces were collected by abdominal massage or by housing the animals separately in 
suitable containers and allowing them to void naturally. Faecal samples were stored in equal volumes of 2% 
potassium dichromate and transported back to the laboratory. Small-volume blood samples were collected from 
large animals by peripheral venipuncture and from small animals by tail or toe clip. Thin blood smears were 
prepared on-site, air-dried and transported back to the laboratory. Postmortem samples were collected from culled 
animals or injured animals which were euthanized in extremis. Tissue samples were fixed in 10% formalin and 
samples of gut content were fixed in Bouin’s fluid and transported back to the laboratory. All fish examined were 
caught by hand-line or seine netting. 
 Standard diagnostic techniques were used to examine samples for the presence of protozoan organisms. 
Faecal samples were examined for cysts and oocysts following centrifugal flotation in saturated magnesium sulphate 
solutions. Blood smears were fixed in methanol immediately prior to staining with Giemsa. Tissues samples were 
embedded in paraffin wax and histological sections were cut and stained with haematoxylin and eosin. Gut samples 
were enrobed on slides with Mayer’s albumin and stained with silver proteinate (protargol). All preparations were 
examined by light microscopy at 100-1,000x magnification and any protozoan organisms encountered were 
photographed and then measured using a calibrated eyepiece graticule. Protozoan genera were identified on the basis 
of their morphological characteristics and their sites of infection. 
 
Results 
 
Prevalence of infections 
 Samples were collected from a total of 1,311 animals; comprising 122 mammals, 367 birds, 749 reptiles and 
73 fish (Table 1). Protozoan organisms were detected in a total of 230 animals, giving an overall prevalence of 18%. 
Infections were found in 40 mammals, 45 birds, 120 reptiles and 25 fish (Table 1). Collectively, infections were 
detected in 87 different host species. A total of 29 different protozoan genera were detected; including two flagellate 
genera, one amoeba genus, 15 apicomplexan genera, unidentified microsporans, three myxozoan genera and seven 
ciliate genera (Table 2). The types of protozoa detected in each vertebrate class differed somewhat and are recorded 
separately in Tables 3-6. Only brief descriptions of the different protozoa are provided as it is not the intention of 
this paper to describe the species present but to record their occurrence. 
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Infections in mammals 
 
 Protozoan organisms were detected in 33% of the 122 mammals examined (Table 1). Nine different 
protozoan genera were detected in a total of 15 different mammalian species (Tables 2 & 3). Five protozoan genera 
were apicomplexan parasites of the blood or gut of their hosts whereas the remaining four genera were 
endosymbiotic ciliates. Blood-borne protozoa were detected in five host species (Table 3). The haemosporidian 
parasite Hepatocystis was detected in the blood cells of black flying-foxes. The parasites were evident as ring-form 
trophozoites and diffuse granular gamonts within host erythrocytes. The adeleorine coccidian Hepatozoon was 
detected in bush rats, black rats and eastern barred bandicoots. The parasites were similar in size, shape and 
appearance in all three host species. They appeared as vacuolated elliptical gamonts within the cytoplasm of host 
leucocytes. Piroplasm parasites resembling Babesia trophozoites were also detected in one rock wallaby. The 
trophozoites were oval to pyriform in shape and were located in host erythrocytes. Infections by enteric coccidia 
were detected in brushtail and ringtail possums, a red kangaroo and an echidna (Table 3). The morphological 
configuration of oocysts sporulated in the laboratory conformed to that of the genus Eimeria in that each oocyst 
contained four sporocysts each containing two sporozoites. The oocysts detected in each host species were unique 
in their size, shape and appearance indicating that they represented different species. Infections by tissue cyst-
forming coccidia were only detected in one host species. Toxoplasma bradyzoites and schizonts were detected in the 
liver of one koala. 
 The remaining protozoa found in mammals consisted of ciliates present in gut samples from herbivores 
(Table 3). Trichostome ciliates resembling Isotricha and Dasytricha spp. were detected in black-striped wallabies, 
eastern grey kangaroos and wallaroos. These ciliates were ovoid to elliptical in shape and possessed a uniform 
covering of somatic ciliation. Isotricha ciliates were also detected in hindgut samples from a wombat. 
Entodiniomorphid ciliates identified as Macropodinium spp. were detected in black-striped and red-necked 
wallabies, wallaroos and eastern grey kangaroos. These ciliates were laterally compressed and were adorned with 
unique diamond-like patterns of pellicular grooves. Another entodiniomorphid genus Cycloposthium was also 
detected in black-striped wallabies. This ciliate was rectangular in shape and contained two prominent posterior 
ciliary tufts.  
 
 
Infections in birds 
 
 Protozoan organisms were detected in 12% of the 367 birds examined (Table 1). Twelve different 
protozoan genera were detected in a total of 26 different bird species (Tables 2 & 4). Enteric flagellates were only 
detected in two host species; Trichomonas in a tawny frogmouth and Cochlosoma in a zebra finch. The former 
were characterised by motile pyriform trophozoites with conspicuous undulating membranes and the latter by ovoid 
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trophozoites with helicoidal anterior ventral suckers. Both genera were detected in wet mounts of fresh faecal 
material. Several genera of enteric coccidia were detected in birds (Table 4). Eimeria oocysts were detected in a 
pigeon, an osprey, a buff-banded rail, a tree martin, a figbird, scaly-breasted lorikeets and rainbow lorikeets. 
Sporulated oocysts contained four sporocysts, each sporocyst containing two sporozoites. Isospora oocysts were 
detected in an eastern spinebill, a noisy minor, a rainbow lorikeet, a crow, a magpie and pied and grey butcherbirds. 
Sporulated oocysts contained two sporocysts, each containing four sporozoites. Mature Caryospora oocysts 
containing single sporocysts were detected in a black-faced cuckoo-shrike and free Sarcocystis sporocysts 
containing four sporozoites were detected in a crow. Hoarella/Octosporella-like oocysts containing numerous 
sporozoites within single sporocysts were detected in a crested pigeon and endogenous developmental stages of 
Cryptosporidium were detected in the trachea of a plum-headed finch. 
 Three haemosporidian genera and one piroplasm genus were detected in blood smears from birds (Table 4). 
Haemoproteus gamonts were detected within red blood cells of white ibis, a pigeon, a koel, a nankeen kestrel, a pied 
currawong and two crows. The gamonts appeared as long curved bodies partially wrapped around the host cell 
nuclei. Intraerythrocytic trophozoites and schizonts of Plasmodium were detected in one barking owl and elongate 
intraleucocytic gamonts of Leucocytozoon were detected within another. Vacuolated pyriform bodies resembling 
Babesia trophozoites were also detected in a kookaburra, a Brahminy kite, a pied butcherbird, a pied currawong and 
two fairy penguins. 
 
Infections in reptiles 
 
 Protozoan organisms were detected in 16% of the 749 reptiles and amphibians examined (Table 1). Twelve 
different protozoan genera were detected in a total of 34 different reptile and two amphibian species (Tables 2 & 5). 
Infections were found in 16 snake species (boids, colubrids and elapids),  17 lizard species (agamids, geckoes, 
skinks and pygopodids) and one testudinid species. Endogenous developmental stages of the coccidian parasites 
Caryospora and Cryptosporidium were detected together in the stomach mucosa of a green turtle. Eimeria oocysts 
were detected in the faeces of five lizard species (three gecko and two skink species) and Isospora oocysts were 
found in the faeces of another five (one agamid and four gecko species). Concomitant infections by both coccidian 
genera were occasionally observed in Binoe’s geckoes. Haematozoan parasites were found in blood smears from ten 
lizard species (Table 5). Crescent-shaped Haemogregarina gamonts were detected in erythrocytes from eight lizard 
species (two agamid, three gecko, two skink and one pygopodid species). Pale elliptical Schellackia gamonts were 
detected in the red blood cells of one gecko and one skink species. Vacuolated Babesia-like trophozoites were also 
found in the erythrocytes of one gecko and one skink species. 
 Both enteric and blood-borne protozoa were detected in boid, colubrid and elapid snakes (Table 5). Eimeria 
oocysts were found in eight snake species (one boid, one colubrid and six elapid species). Isospora oocysts were not 
detected in any snakes but free Sarcocystis sporocysts were detected in three carpet pythons and one king brown 
snake. Caryospora oocysts were detected in two death adders and Cryptosporidium oocysts in another two death 
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adders. Haemogregarina gamonts were found in ten snake species (five boid, three colubrid and two elapid species) 
whereas Schellackia gamonts were only found in two olive pythons. Babesia-like trophozoites were found in red 
blood cells from one spotted python and Entamoeba trophozoites and cysts were detected in wet faecal mounts 
from a single carpet python. Examination of fresh wet mounts of colonic material revealed the presence of the 
trichostome ciliates Balantidium and Nyctotherus in three green tree frogs and one desert tree frog respectively. 
Large Hoarella/Octosporella-like oocysts were also detected in one green tree frog. 
 
Infections in fish 
 
 Protozoan organisms were detected in 34% of the 73 fish examined (Table 1). Six protozoan genera were 
detected in a total of 10 different fish species (Tables 2 & 6). Microsporan cysts were detected in the mesentery, 
liver and muscle of a brown-barred rockcod, a threadfin leatherjacket and an iodine bream respectively. The cysts 
appeared as large white ovoid bodies and were found to contain numerous small oval spores which were highly 
refractile. Unfortunately, the morphological characters determined by light microscopy were not sufficient to identify 
the microsporan species or even genera. In contrast, myxozoan parasites can be identified on the basis of spore 
morphology. Three myxozoan genera were detected in the gall bladders of four fish species. Ceratomyxa spores 
were detected in longfin rockcod, red bass and coral trout. The spores were rod-like in appearance with two central 
polar capsules. Concomitant infections by Myxidium and Zschokkella spores were detected in dragonets. Both 
genera form elliptical spores with a polar capsule located at either end of the spore but the polar capsules in 
Myxidium spores were pyriform whereas those in Zschokkella spores were spherical. 
 Peritrichous ciliates were detected in association with three fish species (Table 6). Trichodina trophozoites 
were detected as ectocommensals on the gills of Venus tuskfish and sand whiting and also as endocommensals 
within hindgut samples from dusky rabbitfish. All trichodiniid species possessed a ciliary spiral to the cytostome and 
an elaborate adhesive disc containing a conspicuous wreath of denticles. Trophozoites of the trichostome ciliate 
Balantidium was also detected in hindgut samples from the rabbitfish. These ciliates were covered with uniform 
rows of somatic cilia and contained an anterior vestibulum leading to the cytostome. 
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Discussion 
 
 Infections by protozoan organisms were detected in approximately one third to one fifth of the mammals, 
birds, reptiles and fish examined. Despite the frequency of their occurrence, the actual prevalence of infections may 
be much higher than that indicated by the examination of single antemortem faecal or blood samples. Additional 
infections may have been detected if comprehensive post-mortem examinations were conducted on all host organs 
and tissues. Nevertheless, infections by 29 different protozoan genera were detected in 87 host species. Many 
protozoa detected constitute new host records of infection and many appear to be novel protozoan species. This 
suggests a high degree of endemism of protozoan parasites in Australian wildlife; a situation which may reflect their 
separate evolution in long isolation or their coevolution with their unique hosts. 
 
 Both apicomplexan and ciliated protozoa were detected in mammalian hosts. All apicomplexan species were 
parasitic in the gut or blood of their hosts whereas the ciliates appeared to be endosymbiotic organisms restricted to 
herbivores. Various ciliates were detected in the foregut of wallabies, wallaroos and kangaroos; most belonging to 
the trichostome genera Isotricha and Dasytricha and the entodiniomorphid genus Macropodinium. Undescribed 
isotrichiid species have previously been reported in black-striped wallabies, eastern grey kangaroos (Obendorf 1984) 
and wallaroos (Dellow et al. 1988) and one Macropodinium sp. has recently been described from a wallaroo 
(Dehority 1966). The detection of Cycloposthium ciliates in black-striped wallabies is curious because similar 
organisms have only previously been reported from horses. A trichostome ciliate (Isotricha sp.) was also detected 
for the first time in the hindgut of a wombat. Further studies are required to determine the distribution, abundance 
and identity of these ciliates in native Australian herbivores. They may be analogous to the so-called ‘rumen ciliates’ 
contributing to fermentative digestive processes in eutherian mammals. Preliminary light microscopic studies using 
silver impregnation techniques indicate many of the ciliates in kangaroos and wallabies are hitherto undescribed 
species and some may even represent new isotrichiid genera. 
 
 The remainder of the enteric protozoa detected were parasitic in nature. Several species of coccidia were 
detected in brushtail and ringtail possums, a red kangaroo and an echidna. An undescribed Eimeria sp. has 
previously been reported in brushtail possums (Presidente 1984), four different Eimeria spp. have been described 
from red kangaroos (Barker et al. 1989) and three Eimeria spp. have been found in echidnas (Barker et al. 1985). 
The identity of the coccidian species detected in this study is being determined by comparative descriptive and 
morphometric studies on oocysts which have been allowed to sporulate in the laboratory. Only one genus of tissue 
cyst-forming coccidia was found in a mammalian host; Toxoplasma bradyzoites were detected in the liver of one 
koala. Toxoplasma infections have previously been reported in koalas in association with lesions and clinical disease 
(Canfield et al. 1990; Hartley et al. 1990). 
 Two blood-borne sporozoa were also detected in black and bush rats, the eastern barred bandicoot and the 
black flying-fox. Hepatozoon spp. have previously been reported in black rats (Mackerras 1958; 1959) and the long-
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nosed bandicoot (Welsh & Dalyell 1910; Mackerras 1959) and one Hepatocystis sp. has been recorded in six other 
species of flying-foxes in Australia (Lawrence 1955; Mackerras 1958; 1959). The identity of the species detected in 
this study remains to be determined by comparative morphological studies on intraerythrocytic developmental stages 
and the examination of additional hosts for the sites of schizogonous development in the tissues. The detection of 
piroplasm bodies resembling Babesia sp. in one rock-wallaby also needs to be confirmed by transmission electron 
microscopic examination of the intraerythrocytic bodies to determine whether they were indeed de-differentiated 
Babesia trophozoites.  
 
 Flagellated protozoa were only found on two occasions, both in birds. Trichomonas was found in a tawny 
frogmouth and Cochlosoma in a zebra finch. Infections by Cochlosoma have previously been reported in numerous 
finch species, including zebra finches (Filippich & O’Donoghue 1995). In this study, few wet mounts of fresh 
droppings were examined because the samples had to be transported back to the laboratory. Most faecal samples 
were preserved in potassium dichromate and examined after centrifugal flotation in a heavy metal salt solution. Such 
treatment is not conducive to the survival of trophozoite stages of enteric flagellates, particularly those species which 
do not form cysts. The actual prevalence of infections by flagellated protozoa may therefore be considerably higher 
if fresh faecal samples were examined or if intestinal scrapings were examined postmortem. 
 
 Most infections in birds involved apicomplexan parasites in the blood or gut of their hosts. Infections by 
Eimeria and Isospora spp. were most common, being found in seven and eight host species respectively. All 
findings appear to constitute new host records of infection, except for the detection of Eimeria oocysts in pigeons as 
they have previously been reported in Australia (Hunt & O’Grady 1976). Morphometric analyses are currently being 
conducted on sporulated oocysts to determine the host range and specificity of infections. Other new host records of 
infection include Cryptosporidium in the trachea of a plum-headed finch, Caryospora oocysts in a cuckoo-shrike, 
Sarcocystis sporocysts in a crow and Hoarella/Octosporella oocysts in a crested pigeon. The latter presumably 
represents a pseudoparasite as these organisms are commonly parasitic in insects. Sarcocystis has previously been 
reported in a crow (Munday et al. 1979) but in that case, the crow was the intermediate host harbouring tissue cysts 
in the muscles rather than the definitive host passing sporocysts in the faeces.  
 
 Haemosporidian parasites were also commonly detected in birds, infections being found in 11 host species. 
Haemoproteus spp. were found in six bird species whereas Plasmodium and Leucocytozoon infections were only 
found in barking owls. Three Haemoproteus spp. have previously been reported in pigeons, koels and currawongs in 
Australia (Mackerras & Mackerras 1960). Despite the frequency of their detection, the distribution and abundance 
of haemosporidian parasites must be greater than indicated by the examination of single blood smears from small 
numbers of hosts. More comprehensive studies are required to determine the true extent of haemosporidian 
infections in native Australian birds. The parasite species involved are currently being determined by comparative 
morphological studies against type specimens deposited in the International Reference Collection of Avian 
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Haematozoa housed in the Queensland Museum. In addition, it was unusual to detect so many Babesia-like 
infections in birds. Small amorphous piroplasm stages were detected in five bird species, including fairy penguins, a 
currawong, a butcherbird, a kookaburra and a Brahminy kite. Transmission electron microscopic studies are 
required to confirm the identification of these stages as de-differentiated trophozoites as opposed to artefacts or 
possible viral inclusion bodies. 
 
 Infections were detected in the three major reptilian groups; namely, turtles, lizards and snakes. Coccidian 
infections due to Caryospora sp. have previously been reported in green turtles in association with clinical disease 
(Gordon et al. 1993) but Cryptosporidium infections have not been found in turtles. The ultrastructural 
characteristics of the endogenous developmental stages of both parasites remain to be determined by transmission 
electron microscopy. Coccidian infections were commonly found in lizards, many being infected with Eimeria or 
Isospora spp. but rarely with both. Several Eimeria spp. have previously been described from Australian lizards; eg. 
E. gastrosauris in Binoe’s geckos (Paperna 1994) and E. sternfeldi in centralian blue-tongued lizards (McAllister et 
al. 1993), but most findings in this survey appear to represent new host records of infection. Isospora spp. have 
previously been reported from bearded dragons, Binoe’s geckos (Cannon 1967) and Gehyra variegata (Schmidt et 
al. 1967) but not from giant cave geckos or spotted dtellas. Eimeria oocysts were detected in eight snake species 
and all findings appear to represent new records of infection. Caryospora and Cryptosporidium oocysts were 
detected in death adders, the latter having previously been reported (O’Donoghue 1995). Sarcocystis sporocysts 
were found in king brown snakes and carpet pythons, the latter also having been previously reported (Kalyakin & 
Zasukhin 1975). Comparative morphometric studies on oocyst morphology are required to determine the identity 
and host specificity of most enteric coccidia found in Australian reptiles. Several previous studies have suggested 
that single coccidian species may infect multiple hosts, particularly those living in sympatry. 
 
 Haemogregarine infections were a common finding in both lizards and snakes, occurring in eight and ten 
host species respectively. Haemogregarina spp. have previously been described in eastern water dragons and 
Binoe’s geckos (Mackerras 1961) and some ten species have been reported in king brown snakes, freshwater 
snakes, brown tree snakes and carpet and water pythons (Mackerras 1961). Schellackia infections were found for 
the first time in the gecko Nephrurus wheeleri, the shingle-back skink and olive pythons and Babesia-like organisms 
in geckos, skinks and a spotted python. The identification of individual parasite species solely on the basis of gamont 
morphology will be difficult due to their pleomorphic appearance. Further studies should be conducted to determine 
the developmental cycles of the parasites in host tissues and their sites of schizogonous development. 
 
 Two ciliate genera (Balantidium and Nyctotherus) were found in frogs; both having been previously 
reported in green tree frogs (Johnston 1916; Cleland & Johnston 1910). Cysts of these ciliates are passed in faecal 
material but they are difficult to detect and identify. In contrast, trophozoites present in colonic content can be 
differentiated on the basis of their morphological characteristics. It would therefore be better to collect samples of 
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colonic content at postmortem rather than faecal samples to screen for enteric ciliates in frogs. The examination of 
postmortem samples would also facilitate the detection of endocommensal opalinids present within the colon and 
rectum of amphibian hosts. Curiously, none were detected in this study. 
 
 The detection of microsporan, myxozoan and ciliated protozoa in ten fish species represent new host 
records of infection except for one previous report of Ceratomyxa infections in the gall bladders of longfin rockcod 
and coral trout (Moser et al. 1989). All myxozoan infections were detected in the gall bladders of their hosts and 
mature spores were present within bile fluid. Further comparative studies on spore morphology are required to 
identify the species of myxozoan parasites present. Microsporan cysts were detected in the mesentery, liver and 
muscle of their hosts but the genera and species involved could not be identified by light microscopy. Transmission 
electron microscopic studies are currently being conducted to identify the microsporan taxa on the basis of spore and 
polar filament ultrastructure. The peritrichous ciliates, Trichodina spp., were detected as ectocommensals on the 
gills of two fish species but as endocommensals within the hindgut of another fish species. Numerous species have 
previously been recorded as ectocommensals, and even ectoparasites, on various marine and freshwater fish. Few 
species, however, have been recorded as endocommensals in fish. The occurrence of numerous trichodiniids with 
the trichostome ciliate Balantidium only within herbivorous fishes suggests that the ciliates may even be involved in 
the digestive processes of their hosts as endosymbionts. Further studies are required to determine the distribution, 
abundance and identity of trichodiniid species among fish hosts. The ciliates are conventionally identified by 
specialised silver staining techniques which reveal the unique denticular patterns of their holdfast organelles. 
 
 In summary, these studies indicate that protozoan organisms are more prevalent and widespread in 
Australian wildlife than previously thought. Most protozoa occurred as parasites in the gut, blood or tissues of their 
hosts but some enteric organisms appeared to be symbiotes involved in host digestive processes. The identities of 
the protozoan species need to be confirmed by specialised light or electron microscopic studies. Preliminary studies, 
however, indicate that many new species may occur in Australian animals. Most samples examined in this survey 
were collected from apparently clinically normal animals or from animals injured by motor vehicles. Little 
information is available on the pathogenicity of infections but most appear to have been subclinical, even those 
involving large numbers of parasites in host tissues and fluids. Nevertheless, most protozoan parasites are obligative 
intracellular organisms and therefore do cause some damage to host cells as they feed and divide within the tissues 
of their hosts. The degree and effect of such damage is unknown. Further studies are required to determine the 
pathogenic potential of the parasites and to establish any associations with clinical diseases. Such information should 
be integral to wildlife management and conservation programs. 
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Table 1. Prevalence of protozoan infections in wildlife  
 
 
Vertebrate Class 
 
No. animals  
examined 
 
 
No. animals  
infected (%) 
 
No. species 
infected 
 
Mammals 
 
122 
 
40 (33%) 
 
15 
 
Birds 
 
367 
 
45 (12%) 
 
26 
 
Reptiles 
 
749 
 
120 (16%) 
 
36 
 
Fish 
 
73 
 
25 (34%) 
 
10 
 
TOTAL 
 
 
1,311 
 
230 (18%) 
 
87 
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Table 2.  Protozoan genera detected in wildlife in southeast Queensland. 
 
 
PROTOZOAN 
 
NUMBER ANIMALS INFECTED 
GENERA 
 
 
MAMMALS 
 
BIRDS 
 
REPTILES 
 
FISH 
 
TOTAL 
Mastigophora (flagellates)      
    Trichomonas 0 1 0 0 1 
    Cochlosoma 0 1 0 0 1 
Sarcodina (amoebae)      
    Entamoeba 0 0 1 0 1 
Apicomplexa      
    Haemogregarina 0 0 46 0 46 
    Schellackia 0 0 25 0 25 
    Hepatozoon 8 0 0 0 8 
    Hepatocystis 2 0 0 0 2 
    Eimeria 5 11 18 0 34 
    Isospora 0 8 14 0 22 
    Cryptosporidium 0 1 3 0 4 
    Sarcocystis 0 1 4 0 5 
    Toxoplasma 1 0 0 0 1 
    Caryospora 0 1 3 0 4 
    Hoarella/Octosporella 0 1 1 0 2 
    Plasmodium 0 1 0 0 1 
    Haemoproteus 0 14 0 0 14 
    Leucocytozoon 0 1 0 0 1 
    Babesia 1 6 3 0 10 
Microspora      
    unidentified genera 0 0 0 4 4 
Myxozoa      
    Ceratomyxa 0 0 0 3 3 
    Myxidium 0 0 0 9 9 
    Zschokkella 0 0 0 12 12 
Ciliophora (ciliates)      
    Trichodina 0 0 0 5 5 
    Balantidium 0 0 3 3 6 
    Nyctotherus 0 0 1 0 1 
    Macropodinium 15 0 0 0 15 
    Isotricha 11 0 0 0 11 
    Dasytricha 7 0 0 0 7 
    Cycloposthium 4 0 0 0 4 
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Table 3.  Protozoan organisms detected in mammalian hosts. 
 
 
HOST SPECIES 
 
 
PROTOZOAN GENERA & NO. INFECTED 
Chiroptera  
    Pteropus alecto (black flying-fox)  2 Hepatocystis 
Rodentia  
    Rattus fuscipes (bush rat) 4 Hepatozoon 
    Rattus rattus (black rat) 1 Hepatozoon 
Vombatoidea  
    Phascolarctos cinereus (koala)  1 Toxoplasma 
    Vombatus ursinus (wombat) 1 Isotricha 
Monotremata  
    Tachyglossus aculeatus (echidna) 1 Eimeria 
Diprotodonta  
    Macropus dorsalis (black-striped wallaby) 6 Isotricha, 7 Macropodinium, 
4 Cycloposthium  
    Macropus giganteus (eastern grey kangaroo) 3 Isotricha, 3 Dasytricha, 
3 Macropodinium 
    Macropus robustus (common wallaroo) 2 Isotricha, 4 Dasytricha, 
4 Macropodinium 
    Macropus rufogriseus (red-necked wallaby) 1 Macropodinium 
    Macropus rufus (red kangaroo) 1 Eimeria 
    Petrogale persephone (Proserpine rock-wallaby) 1 Babesia 
    Pseudocheirus peregrinus (common ringtail possum) 1 Eimeria 
    Trichosurus vulpecula (brushtail possum) 2 Eimeria 
Polyprotodonta  
    Parameles gunnii (eastern barred bandicoot) 3 Hepatozoon 
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Table 4.  Protozoan parasites detected in avian hosts. 
 
 
HOST SPECIES 
 
 
PROTOZOAN GENERA & NO. INFECTED 
Caprimulgiformes  
    Podargus strigoides (tawny frogmouth) 1 Trichomonas 
Ciconiiformes  
    Threskiornis molucca (white ibis) 8 Haemoproteus 
Columbiformes  
    Columba livia (feral pigeon) 1 Eimeria, 1 Haemoproteus 
    Geophaps lophotes (crested pigeon) 1 Hoarella/ Octosporella 
Coraciiformes  
    Dacelo novaeguineae (kookaburra) 1 Babesia-like 
Cuculiformes  
    Eudynamys scolopacea (common koel) 1 Haemoproteus 
Falconiformes  
    Falco cenchroides (nankeen kestrel) 1 Haemoproteus 
    Milvus indus (Brahminy kite) 1 Babesia-like 
    Pandion haliaetus (osprey) 1 Eimeria 
Gruiformes  
    Gallirallus philippensis (buff-banded rail) 1 Eimeria 
Passeriformes  
    Acanthorhynchus tenuirostris (eastern spinebill) 1 Isospora 
    Coracina novaehollandiae (black-faced cuckoo-shrike) 1 Caryospora 
    Corvus orru (Torresian crow) 1 Sarcocystis, 1 Isospora, 2 Haemoproteus 
    Cracticus nigrogularis (pied butcherbird) 1 Isospora, 1 Babesia-like 
    Cracticus torquatus (grey butcherbird) 1 Isospora 
    Gymnorhina tibicen (magpie) 1 Isospora 
    Hirundo nigricans (tree martin)  1 Eimeria 
    Manorina melanocephala (noisy miner) 1 Isospora 
    Neochmia modesta (plum-headed finch) 1 Cryptosporidium 
    Sphecotheres viridis (figbird) 1 Eimeria 
    Strepera graculina (pied currawong)  1 Isospora, 1 Haemoproteus, 1 Babesia-like 
    Taeniopygia guttata (zebra finch) 1 Cochlosoma 
Psittaciformes  
    Trichoglossus chlorolepidotus (scaly-breasted lorikeet) 1 Eimeria 
    Trichoglossus haemotodus (rainbow lorikeet) 4 Eimeria, 1 Isospora 
Sphenisciformes  
    Eudyptula minor (fairy penguin) 2 Babesia 
Strigiformes  
    Ninox connivens (barking owl) 1 Leucocytozoon, 1 Plasmodium 
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Table 5. Protozoa detected in reptilian and amphibian hosts. 
 
 
HOST SPECIES 
 
 
PROTOZOAN GENERA & NO. INFECTED 
TESTUDINES  
    Chelonia mydas (green turtle) 1 Caryospora, 1 Cryptosporidium 
SAURIA  
Agamidae  
    Ctenophorus caudicinctus (ring-tailed dragon) 1 Haemogregarina 
    Physignathus lesueurii (eastern water dragon) 3 Haemogregarina 
    Pogona barbata (bearded dragon) 2 Isospora 
Gekkonidae   
    Gehyra dubia 1 Eimeria 
    Gehyra punctata (spotted dtella) 2 Isospora 
    Gehyra robusta (robust dtella) 2 Haemogregarina 
    Gehyra variegata 3 Isospora 
    Heteronotia binoei (Binoe's gecko) 6 Isospora, 1 Eimeria, 
1 Haemogregarina, 1 Babesia-like 
    Nephrurus wheeleri 21 Schellackia, 2 Haemogregarina 
    Pseudothecadactylus lindneri (giant cave gecko) 1 Isospora 
    Underwoodisaurus millii (thick-tailed gecko) 1 Eimeria 
Skinkidae  
    Carlia jarnoldae 1 Haemogregarina 
    Carlia vivax 1 Haemogregarina 
    Ctenotus severus 1 Babesia-like 
    Tiligua occipitalis (western blue-tongue lizard) 1 Eimeria 
    Trachydosaurus rugosus (shingle-back skink) 1 Eimeria, 2 Schellackia 
Pygopodidae  
    Lialis burtonis (Burton's legless lizard) 1 Haemogregarina 
SERPENTES  
Boidae  
    Aspidites melanocephalus (black-headed python)  2 Haemogregarina 
    Liasis childreni Children's python) 2 Haemogregarina 
    Liasis fuscus (water python) 3 Haemogregarina 
    Liasis maculosus (spotted python) 1 Babesia-like 
    Liasis olivacea (olive python) 6 Haemogregarina, 2 Schellackia 
    Morelia spilota (carpet python)  3 Haemogregarina, 3 Sarcocystis, 
1 Eimeria, 1 Entamoeba 
Colubridae   
    Boiga irregularis (brown tree snake) 11 Haemogregarina  
    Stegonotus cucullatus (slaty-grey snake) 1 Eimeria, 2 Haemogregarina 
    Tropidonophis mairii (freshwater snake) 2 Haemogregarina 
Elapidae  
    Acanthophis antarcticus (death adder) 4 Eimeria, 2 Caryospora, 2 Cryptosporidium 
    Acanthophis praelongus (northern death adder) 2 Haemogregarina 
    Hoplocephalus stephensi (Stephen's banded snake) 2 Eimeria 
    Notechis ater (tiger snake) 1 Eimeria 
    Oxyuranus microlepidotus (inland taipan) 1 Eimeria 
    Pseudechis australis (king brown snake) 2 Eimeria, 1 Sarcocystis, 1 Haemogregarina 
    Pseudechis porphyriacus (red-bellied black snake) 1 Eimeria 
AMPHIBIA  
    Litoria caerulea (green tree frog) 3 Balantidium, 1 Hoarella/Octosporella 
    Litoria rubella (desert tree frog) 1 Nyctotherus 
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Table 6.  Protozoan parasites detected in piscine hosts. 
 
 
HOST SPECIES 
 
 
PROTOZOAN GENERA & NO. INFECTED 
Perciformes  
    Callionymus limiceps (dragonet) 9 Myxidium, 12 Zschokkella (gall bladder) 
    Cephalopholis boenak (brown-barred rockcod) 1 unidentified microsporan (mesentery) 
    Choerodon venustus (venus tuskfish)  1 Trichodina (gill), 1 unidentified microsporan (liver) 
    Epinephelus quoyanus (longfin rockcod) 1 Ceratomyxa (gall bladder) 
    Gymnocranius audleyi (iodine bream) 1 unidentified microsporan (muscle) 
    Lutjanus bohar (red bass) 1 Ceratomyxa (gall bladder) 
    Plectropomus leopardus (coral trout) 1 Ceratomyxa (gall bladder) 
    Siganus fuscescens (dusky rabbitfish) 3 Trichodina, 3 Balantidium (gut) 
    Sillago ciliata (sand whiting) 1 Trichodina (gill) 
Tetraodontiformes  
    Paramonacanthus filicauda (threadfin leatherjacket) 1 unidentified microsporan (liver) 
 
 
